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1摘       要














    Through the Japanese experience of using Just-in-Time (JIT) production shows 
that there are advantages and benefits associated with their efforts to reduce lead time 
and setup cost. Therefore, lead time and setup cost can be reduced by the expensive of 
an additional investment cost. By reducing lead time and setup cost, we can lower the 
safety stock, reduce the loss caused by shortage, improve the service level to the 
customer, and increase the competitive ability in business. This article combines the 
concept of capital investment allocated to reduce lead time and setup cost when the 
amount received is uncertain. Our goal is to focus on this property (lead time and 
setup cost can be reduced by capital investment cost) and try to develop a mixture 
inventory model with backorder and lost sale, in which order quantity, reorder point, 
setup cost and lead time are decision variables. In our studies, we first assume that 
lead time demand follows a normal distribution, and then consider the case that the 
form of the distribution function of lead time demand is unknown and apply the 
minimax distribution free procedure to solve the problem. We also develop an 
algorithm to obtain the optimal ordering strategy for each case (the lead time demand 
follows normal distribution or distribution free). Furthermore, the effects of 
parameters are also included.
Keywords：lead time, setup cost, capital investment, minimax distribution free 
procedure
2SOURCE AND PURPOSE
In most of the literature dealing with inventory problems, either in deterministic 
or probabilistic model, lead time is viewed as a prescribed constant or a stochastic 
variable, which therefore, is not subject to control (see, for example, Naddor [12] and 
Silver and Peterson [31]). In fact, lead time usually consists of the following 
components: order preparation, order transit, supplier lead time, delivery time, and 
setup time (Tersine [32]). In many practical situations, lead time can be reduced by an 
additional investment cost; in other words, it is controllable. By shortening the lead 
time, we can lower the safety stock, reduce the loss caused by stockout, improve the 
service level to the customer, and increase the competitive ability in business.
Through the Japanese experience of using JIT production, the advantages and 
benefits associated with the efforts to control the lead time can be clearly perceived. 
Lead time has been a topic of interest in inventory system for many authors [e.g., 
3,4,10]. Recently, some models considering lead time as a decision variable have been 
developed. Liao and Shyu [9] have initiated a study on lead-time reduction by 
presenting an inventory model in which lead-time is a decision variable and the order 
quantity is predetermined. Ben-Daya and Raouf [1] developed a model that 
considered both lead-time and order quantity as decision variables. Later, Ouyang et 
al. [14] and Ouyang and Wu [15,16,26] have generalized the Ben-Daya and Raouf [1]
model by considering shortages in which the lead-time demand is considered a normal 
distribution or distribution free. Later, Moon and Choi [11], Ouyang and Chuang 
[18-20, 22-25], Ouyang, Chen and Chang [21], Ouyang, Chuang and Wu [27], Wu 
and Ouyang [34], and Hariga and Ben-Daya [6] have extended the Ouyang et al. [14]
model to relax the assumption of a given service level and treat the reorder point as a 
decision variable under various circumstances. However, all models previously 
mentioned have assumed that the quantity received is the same as the quantity ordered. 
The quantity may not match the quantity ordered due to various reasons such as 
rejection during inspection, damage or breakage during transportation, etc.
    On the other hand, there have been investigations into EOQ (EMQ) models 
consists setup cost reduction in recently. The setup cost usually includes preparing the 
shop order, scheduling the work, reproduction setup, expediting and quantity 
acceptance. Hong and Hayya [7] pointed out that the reduced setup costs with the 
accompanying smaller lot sizes have numerous benefits including (1) reduced 
manufacturing lead time, (2) improved quality due to the early detection of defects, (3) 
reduced work in process, (4) easier scheduling and sequencing, (5) increased 
production capacity, (6) increased operational flexibility, (7) reduced storage space, 
and (8) lower investment in inventory. Porteus [29] first investigated the impact of 
capital investment in reducing setup cost on the classical EOQ model. Billington [2] 
3presented an EPQ model with the setup cost parameter replace by a function of capital 
investment. Several relationships between the amount of capital investment and the 
setup cost level have been reported by many researchers in Porteus [29], Billington 
[2], Nori and Sarker [13], Trevino et al. [33], Kim et al. [8], and Sarker and Coates 
[30].
The logarithmic relationship of setup cost (or lead time) to investment discussed 
is not only an interesting special case but also a practical one. This logarithmic 
investment function, which has been used in previous researchers by Paknejad et al. 
[28], and Sarker and Coates [30], is consistent with the Japanese experience as 
reported in Hall [5]. Therefore, this article assumes that the relationship between setup 
cost (or lead time) reduction and capital investment can be described by the 
logarithmic investment function. The purpose of this article is developing the 
continuous review inventory model involving order quantity, reorder point, lead time 
and setup cost reduction investment as decision variables when the amount received is 
uncertain.
    In this article, we first assume that the lead time demand follows a normal 
distribution, and find the optimal solution. And then we consider any distribution 
function (d.f.), says F, of the lead time demand has only known finite first and second 
moments (and hence, mean and variance are also known). In this situation, for 
convenience, we let F  denoted the class of d.f. F’s with finite mean DL and variance 
L2s (where D is average demand per year; L is the length of the lead time; 2s is 
variance of the demand per unit time). Our goal is to solve a mixed inventory model 
with defective items by using the minimax distribution free approach. That is, the 
purpose of this model is to develop an algorithm procedure to find the most 
unfavorable d.f. in F  for each decision variable ),,,( LrQA and then minimize over 
the decision variables. Furthermore, the effects of parameters are performed.
RESULT AND DISSCUSSION
This research aims at developing the mathematical inventory model for reducing 
lead time and setup cost as well as the amount received is uncertain. Its optimal 
solution is then obtained. To help managers understand the effects of optimal solution 
on changes in the values of the different parameters associated with the inventory 
system, sensitivity analysis is also performed in the paper. This research develops a 
more realistic inventory model, which can enhance the efficiency of an inventory 
manager in decision-making.
SELF-EVALUATION
This research corresponds to the original plan and has attained its aim. Hence, 
4the paper is of great academic value and suitable for publication in academic journals. 
Journal of Information & Management Sciences now accept it. 
REFERENCES
[1] Ben-Daya, M. and Abdul R. (1994), Inventory models with involving lead time 
as decision variable, Journal of the Operational Research Society, 45, 579-582.
[2] Billington, P. J. (1987), The classical economic production quantity model with 
setup cost as a function of capital expenditure, Decision Science, 18, 25-42.
[3] Das, C. (1975), Approximate solution to the (Q,r) inventory model for gamma 
lead time demand, Management Sciences, 22, 273-282.
[4] Foote, B., Kebriaei, N., and Kumin, H. (1988), Heuristic policies for inventory 
ordering problems with long and randomly varying lead time, Journal of 
Operations Management, 7, 115-124.
[5] Hall, R. (1983), Zero Inventories, Homewood, Illinois: Dow Jones-Irwin.
[6] Hariga, M. and Ben-Daya, M. (1999), Some stochastic inventory models with 
deterministic variable lead time, European Journal of Operational Research, 
113(1), 42-51.
[7] Hong, J. and Hayya, J. C. (1993), Dynamic lot sizing with setup reduction, 
Computer and Industrial Engineering, 24, 209-218.
[8] Kim, K. L., Hayya, J. C. and Hong, J. D. (1992), Setup reduction in economic 
production quantity model, Decision Science, 23, 500-508.
[9] Liao, C. J. and Shyu, C. H. (1991), An analytical determination of lead time with 
normal demand, International Journal of Operations Production Management, 
11, 72-78.
[10] Magson, D. (1979), Stock control when lead time cannot be considered constant, 
Journal of the Operational Research Society, 30, 317-322.
[11] Moon, I. and Choi, S. (1998), A note on lead time and distributional assumptions 
in continuous review inventory models, Computers and Operations Research, 
25(11), 1007-1012.
[12] Naddor, N. (1966), Inventory Systems, John Wiley, New York.
[13] Nori, V. S. and Sarker, B. R. (1996), Cyclic scheduling for multi-product, 
single-facility production system operating under just-in-time production 
systems, Journal of the Operational Research Society, 47, 930-935.
[14] Ouyang, L. Y., Yeh, N. C. and Wu, K. S. (1996), Mixture inventory model with 
backorders and lost sales for variable lead time, Journal of the Operational
Research Society, 47, 829-832. 
[15] Ouyang, L. Y. and Wu, K. S. (1997), Mixture inventory model involving variable 
lead-time with a service level constraint, Computers and Operations Research 24, 
5875-882.
[16] Ouyang, L. Y. and Wu, K. S. (1998), A minimax distribution free procedure for 
mixed inventory model with variable lead time, International Journal of 
Production Economic, 56-57, 511-516.
[17] Ouyang, L. Y. and Chuang, B. R. (1998), (Q,R,L) inventory model involving
defective items with a sub-lot inspection policy, International Journal of 
Information and Management Science, 9(3), 45-58.
[18] Ouyang, L. Y. and Chuang, B. R. (1998), A minimax distribution free procedure 
for periodic review inventory model involving variable lead time, International 
Journal of Information and Management Science, 9(4), 25-35.
[19] Ouyang, L. Y. and Chuang, B. R. (1999), A minimax distribution free procedure 
for (Q,R,L) inventory model subject to a service level constraint, Journal of 
Interdisciplinary Mathematics, 2, 1-15.
[20] Ouyang, L. Y. and Chunag, B. R. (1999), (Q,R,L) inventory model involving 
quality discounts and a stochastic backorder rate, Production Planning and 
Control, 10(5), 426-433.
[21] Ouyang, L. Y., Chen, C. K. and Chang, H. C. (1999), Lead time and ordering 
cost reductions in continuous review inventory system with partial backorders, 
Journal of the Operational Research Society, 50(12), 1272-1279.
[22] Ouyang, L. Y. and Chunag, B. R., A minimax distribution free procedure for 
(T,R,L) inventory model, International Journal of Information and Management 
Sciences, to be appeared..
[23] Ouyang, L. Y. and Chuang, B. R., A minimax distribution free procedure for 
stochastic inventory models with a random backorder rate, Journal of the 
Operations Research Society, to be appeared in 2000.
[24] Ouyang, L. Y. and Chunag, B. R., (Q,R,L) inventory model involving quantity 
discounts, additional holding capital and a stochastic backorder rate, Journal of 
the Chinese Institute of Industrial Engineering, to be appeared in 2000.
[25] Ouyang, L. Y. and Chuang, B. R., (Q,R) inventory control involving a variable 
backorder rate, Journal of Statistics & Management Systems, to be appeared in 
2000.
[26] Ouyang, L. Y. and Wu, K. S, Mixture inventory model involving variable 
lead-time and defective units, Journal of Statistics and Management Systems, to 
be appeared in 2000.
[27] Ouyang, L. Y., Chuang, B. R. and Wu, K. S., Optimal inventory policies 
involving variable lead time with defective items, Journal of the Operational 
Research Society of India, to be appeared in 2000.
[28] Paknejad, M. J., Nasri, F. and Affisco, J. F. (1990), Setup cost reduction in an 
6inventory model with finite-range stochastic lead time, International Journal of 
Production Research, 28, 199-212.
[29] Porteus, E. L. (1985), Investing in reduced setups in the EOQ model, 
Management Science, 31, 998-1010.
[30] Sarker, B. R. and Coates, E. R. (1997), Manufacturing setup cost reduction under 
variable lead times and finite opportunities for investment, International Journal 
of Production Economics, 49, 237-247.
[31] Silver, E. A. and Peterson, R. (1985), Decision Systems for Inventory 
Management and Production Planning, John Wiley, New York.
[32] Tersine, R. J. (1982), Principle of Inventory and Materials Management, North 
Holland, New York.
[33] Trevino, J., Hurley, B. J. and Friedrich, W. (1993), A mathematical model for the 
economic justification of setup time reduction, International Journal of 
Production Research, 31, 191-202.
[34] Wu, K. S. and Ouyang, L. Y., Defective units in (Q,r,L) inventory model with 
sub-lot sampling inspection, Production Planning and Control, to be appeared in 
2000 March.
